Dystrophin and the cardiomyocyte membrane cytoskeleton in the healthy and failing heart.
The cardiomyocyte membrane cytoskeleton consists of the costameric proteins that mediate force transduction from the cell to the extracellular matrix, and a sub-membrane network composed of dystrophin and associated proteins. Studies of the precise cellular distribution of dystrophin and of the consequences of genetic mutations leading to abnormal expression of the dystrophin molecule, as occurs in Duchenne and Becker's muscular dystrophies, highlight potential functional roles of this sub-membrane protein complex in cardiomyocytes. Detailed investigation of dystrophin distribution using the complementary cell imaging techniques of immunoconfocal microscopy and freeze-fracture cytochemistry at the electron-microscopical level show that, in contrast to rat cardiomyocytes, the dystrophin network in human cardiomyocytes is locally enriched at costameres. Thus located, the dystrophin network appears to have a mechanical role, involving stabilization of the peripheral plasma membrane during the repetitive distortion associated with cardiac contraction and, in the human myocyte, contributing to lateral force-transduction. Evidence from animal models of muscular dystrophy and from investigation of the interactions of the sub-membrane cytoskeleton with other membrane-associated proteins including ion channels, receptors and enzymes, further suggests a role for dystrophin in organization and regulation of membrane domains. The relative preservation of the membrane cytoskeleton in non-dystrophic dilated cardiomyopathy and in ischemic cardiomyopathy, conditions in which the myocyte contractile apparatus and internal desmin-based cytoskeleton are commonly disrupted, emphasizes the vital role of the membrane cytoskeleton in cell survival. Continued cardiomyocyte survival despite loss of contractile protein organization has implications in the potential for reversibility of left ventricular remodeling that can be achieved in the clinical setting.